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1991-7902/Copyrightª 2015, AssociatioAbstract Vertical root fracture (VRF) is defined as a root fracture in the longitudinal direc-
tion, extending from the root to the crown on facial or lingual surfaces. Most VRFs occur in
endodontically treated teeth, and the symptoms are similar to those of chronic apical peri-
odontitis or chronic periodontitis. Diagnosing VRF with periapical radiography is difficult.
Conversely, cone beam computed tomography (CBCT) provides three-dimensional images
and is better at diagnosing VRF than periapical radiography. Therefore, dentists should know
how to operate CBCT to obtain clear images and reduce image artifact interferences, thus
achieving higher diagnostic accuracy. CBCT imaging includes acquisition configuration, image
detection, image reconstruction, and image display. We retrospectively examined four human
studies and 19 in vitro studies and focused on certain imaging parameters: field of view selec-
tion, voxel size, proper detectors, different image processing methods, and the influence of
posts on clear image acquisition. Finally, we discuss the experimental design faults in the
reviewed in vitro studies and suggest improvements for future CBCT techniques to achieve
higher VRF diagnostic accuracy.
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Vertical root fracture (VRF) is defined as a fracture at any
level of the root. The fracture lines tend to gradually grow
and become larger from the root toward the crown, and it
may appear in one or both of the facial and lingual sur-
faces.1 The surrounding alveolar bone damaged by bacteria
may cause prolonged infection, inflammation, and subse-
quent bone loss. If VRF occurs in endodontically treated
teeth, the clinical symptoms are similar to those of chronic
apical periodontitis or chronic periodontitis.2 VRF lacks
specific radiographic signs and symptoms, thus making a
precise diagnosis of VRF in endodontically treated teeth
difficult.3
When using periapical radiography (PR) techniques, the
VRF is only visible if the X-ray beam passes directly through
the fracture space.1e3 Unfortunately, the chance of that
happening is low. Most of the time, the dentist suspects the
existence of VRF by a halo or periodontal type bony lesions
from radiography.4 Multidetector computed tomography
(MDCT), which was primarily developed for physical exam-
inations in 1976, is capable of detecting VRFs better than
conventional radiography.4 However, dentists have not used
it because of its high cost and radiation dose. Therefore, the
new cone beam computed tomography (CBCT) was devel-
oped 15 years ago as a low-cost, low-radiation-dose alter-
native. The micrometer resolution and geometric accuracy
allow for exceptionally clear images5,6 and enable the
dentist to identify VRF lines directly from CBCT images.7e9
There are four components for CBCT image production:
acquisition configuration, image detection, image recon-
struction, and image display.10 The dentist operates CBCT
at each step and controls different parameters to obtain
high-quality images. Image artifacts such as beam hard-
ening artifacts, extinction noise, scatter, and aliasing arti-
facts can cause image blurring.11 To obtain the best images,
different image protocols such as field of view (FOV),
number of projections, and voxel size have been optimized
in the detection of VRFs.10,12
CBCT can be used to examine root canal morphology,
nonendodontic pathosis, presurgical anatomic assessment,
orthodontic apical root resorption, temporomandibular ki-
nematics, and root fractures.13e21 There have been many
studies testing whether CBCT can be used to help diagnose
VRF. However, these in vivo or in vitro studies haveTable 1 Detection of VRF using PR, CBCT, or MDCT and confirm
Authors Tooth position Voxel
size (mm)
PR, CBCT, MDCT
Youssefzadeh
et al4
Incisor
premolar
Unknown PR, MDCT
Bernardes et al9 Nonspecific 125 PR, CBCT
(Accuitomo 3DX)
Edlund et al7 Nonspecific 125 CBCT
(i-CAT, 3D Accuitomo80
Metska et al8 Nonspecific 200 CBCT
(NewTom, 3D Accuit80
CBCTZ cone beam computed tomography; MDCTZmultidetector co
root fracture.demonstrated variable results. The purpose of this review is
to discuss the effectiveness and validity of CBCT in diag-
nosing VRF.
Materials and methods
The literature regarding CBCT imaging and VRF was sys-
tematically reviewed. A search was undertaken in the
PubMed (National Library of Medicine, National Center for
Biotechnology Information, New PubMed System; revised
December 1, 2013) electronic journal database from
January 1998 to October 2013. Four central keywords
(vertical root fracture, longitudinal root fracture, root
fracture, endodontically treated teeth) relating to vertical
root fractures were combined with another eight additional
key words (cone beam, conebeam, CBCT, CB-CT, cone-
beam, dental CT, dental volume tomography, and cone-
beam volumetric tomography) to search for CBCT imaging
for VRF detection.
The excluded papers consisted of (1) studies that dis-
cussed horizontal, crown root fracture, and VRF together
instead of VRF only; (2) studies with no definite diagnosis of
VRF through flap operation or extraction; (3) papers that
were not written in English; and (4) papers with no detailed
description of how the VRFs were created in the in vitro
studies.
Results
A total of 240 papers were found for VRF using four central
key words and eight additional key words. After a screening
that ruled out the same papers and excluded papers
that met the exclusion criteria as mentioned above, we
were left with four human studies4,7e9 and 19 in vitro
studies.12,22e39
These four human studies compared the accuracy of VRF
diagnosis among different CBCT, multidetector CT, or PR
manufacturers. The tooth position, voxel size, sample size,
and accuracy are summarized in Table 1.
All four human studies showed that the diagnostic ac-
curacy of CBCT and multidetector CTwas superior to that of
PR. The highest diagnostic accuracy rate was 93%, which
was achieved by using CBCT with an 80-mm voxel (3D
Accuitomo 170; CA, USA).8ation of VRF in four human studies.
Diagnosis
accuracy
Sample
size
Confirmation methods
25%, 75% 37 Microsurgery
Not available 20 Not available
80)
Sensitivity: 88% 32 Microsurgery
Specificity: 75%
omo 170)
68%, 93% 39 Endodontic retreatment,
microsurgery, extraction
mputed tomography; PRZ periapical radiography; VRFZ vertical
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teeth and used CBCT for image acquisition. Among the 19
in vitro studies, the authors of 10 studies performed end-
odontic therapy in extracted teeth and then created VRFs
to compare the diagnostic accuracy of CBCT and PR. Their
results showed that CBCT exhibited higher diagnostic ac-
curacy than PR.22,24,25,27e31,34,36 Two studies showed that
the use of a smaller FOV obtains higher diagnostic accuracy
than using a larger FOV.24,27 Four studies compared CBCT
detectors, and three of them showed that the diagnostic
accuracy of image intensifier tube charged coupled devices
(IIT/CCDs) was lower than that of flat-panel detectors
(FPDs).12,28,30 The remaining study showed no difference in
diagnostic accuracy between FPDs and complementary
metaleoxideesemiconductors (CMOSs).26 Five studies
compared the different voxel sizes (400 mm, 300 mm,
250 mm, 200 mm, and 125 mm) in the detection of VRFs, and
the results showed that the smaller voxel sizes had a higher
diagnostic accuracy.12,25,30,32,38
The different in vitro studies also emphasized distinct
imaging aspects. Nair et al35 compared the different image
reconstruction algorithms used to diagnose VRF, and Ozer37
showed that when the width of the fracture space is
400 mm, CBCT’s diagnostic accuracy is 90%. Taramsari
et al39 compared high-resolution and standard zoom imag-
ing modes and showed no significant difference between
these two modes, and Melo et al33 compared four different
imaging software packages, finding no significant differ-
ences between them in diagnosing VRF. Bechara et al23
showed no difference in CBCT image clarity with and
without an artifact reduction algorithm, and Hassan et al12
showed that axial slices were more accurate than sagittal
or coronal slices for detecting VRF. Eight studies investi-
gated the influence of different root canal fillings (e.g.,
gutta percha, metal post, and fiber post) on the diagnosis of
VRF using CBCT. The results revealed that metal posts
exhibit the greatest influence.25e28,31e33,39Discussion
The present literature review shows that the diagnostic
accuracy of PR is lower than that of CBCT.34e36 CBCT is
expected to be a powerful tool in the detection of VRF.
However, the results of three human studies show that a
definite diagnosis of VRF depends on additional clinical
examinations such as periodontal probing, palpation, and
percussion besides CBCT imaging.7e9 The reasons for these
additional examinations are ascribed to the interference of
obtaining clear images from metal containing artifacts or
improper operating conditions (e.g., detectors, voxel sizes,
X-ray generation mode).11 In addition, the resolution of
currently used CBCT might be not sensitive enough to
detect the narrow fracture width.
Several factors were shown to influence the optimiza-
tion of the imaging and reducing the patients’ irradiation
dose. The first factor affecting image quality is FOV.10 To
avoid artifact interference and reduce radiation dose, an
optimal FOV and its corresponding voxel size should be
selected based on the disease presentation and the desig-
nated imaging region for each patient.11 For example, a
smaller area such as three teeth should use a smaller FOV(4 cm). Conversely, larger areas such as the complete set of
teeth should use a larger FOV (20 cm). To reduce the image
processing time, a corresponding voxel is usually needed
with the FOV. For VRF diagnosis, a smaller FOV is better
than a larger one.12,24 In addition to the adjustable FOV,
higher VRF diagnostic accuracy can be obtained if different
voxel sizes can be selected in the new CBCT machines.
The second factor affecting image quality is the type of
CBCT detector used. The IIT/CCD was introduced in the
initial stages of CBCT development. CMOS and FPD were
more recently developed and are currently used. FPD de-
tectors were shown to produce better quality images than
IIT/CCD detectors.10,12,26,28,30 Other studies further
demonstrated that IIT/CCD detectors generate more noise
and artifacts than FPD detectors and consequently result in
lower diagnostic accuracy.12,28,30 Comparison of CMOS and
FPD detectors using approximate irradiation conditions (85
kVp, 8 mA, 6 cm  6 cm FOV, voxel size 0.133 mm, image
reconstruction time w4 minutes vs. 120 kVp, 36.12 mA,
6 cm  8 cm FOV, voxel size 0.125 mm, image reconstruc-
tion time w9 minutes) were shown to give similar diag-
nostic accuracy.26
The third factor affecting image quality is image
reconstruction. Proper voxel selection for diagnosis of VRF
is important. The voxel size is related to the detector pixel
size, and a smaller voxel is better for diagnosing VRF. Using
the 300-mm voxel of CBCT may underestimate the mea-
surements from the volume data.40 However, some studies
have shown that a 300-mm voxel is enough to detect VRF
and have demonstrated that a voxel size of 125 mm or
200 mm is better than 300 mm.25,38
All CBCTs use a filtered back projection algorithm to
reconstruct the volume data. Iterative restoration has been
developed with a sharpening procedure to enhance the
signal/noise ratio in each slice and to subtract the blur
contributions of adjacent slices.35 Filtered back projection
can improve the image quality after three times of iterative
restoration processing. Iterative restorations are time-
consuming, and further improvements in the efficiency of
iterative restorations are required to reconstruct images
for diagnosing VRF.
Each CBCT has its own display software, and every type
of software has a different image processing method to
show the volume data. One study compared VRFs created in
extracted teeth. The teeth were then scanned, and the
images were reconstructed using various software tools.33
The results for VRF diagnostic accuracy were similar irre-
spective of the software used.
The diagnostic accuracy of VRF in both in vivo and
in vitro studies is different among these studies. One
in vitro study showed a diagnostic accuracy of as high as
100%.28 However, the highest reported diagnostic accuracy
in the human studies was only 93% from a sample size of 14
patients.8 Therefore, the results of the in vitro studies
might not reflect the real clinical efficacy in detecting
VRFs.
Many in vitro studies placed gutta percha or posts into
the canal and then created VRFs to simulate clinical VRF
conditions. They found that metal artifacts from gutta
percha or posts significantly affected the image quality.
When an X-ray projects to a high-density target such as
metal, it causes X-ray attenuation. The presence of objects
Table 2 Methods used to create vertical root fracture (VRF) at the root.
Instruments Authors
60 beveled tip conical wedge with driven force apically Nair et al,35,36 Mora et al,34 Kamburoglu et al,30 Melo et al32
Finger plugger and spreader with wedging force Taramsari et al39
A tapered wedge or pin forcing into the canal using universal
testing machine
Kambungton et al,29 Varshosaz et al22
Steel diamond-coated disks (22 mm in diameter and 0.20 mm
in thickness) using low-speed straight hand piece
Jakobson et al28
Fine stainless steel conical tip, tapered chisel, and size 70
spreader using hand and hammer
Ferreira et al,26 Silveira et al,25 Bechara et al,24 Melo et al,33
Hassan et al,12,27 Ozer,37,38 Khedmat et al31
Figure 1 Teeth with vertical root fracture were extracted
after clinical diagnosis and scanned using micro-computed
tomography (Skyscan 1076, Bruker MicroCT, Kontich,
Belgium).42 The fracture width ranged from 20 mm to 200 mm,
and the fracture line was (A) straight or (B) curved.
230 C.-C. Huang, B.-S. Leethat cause an exceptionally high or low attenuation can
create streaking artifacts by forcing the detectors to
operate in a nonlinear response region. The main compo-
nent of human teeth is hydroxyapatite, which has calcium
as its main metallic content. In addition, many metals are
found in dental materials. For example, zinc oxide eugenol
is added to the root canal sealer and gutta percha for root
canal filling. For the post and core used to repair the tooth
structure, a metal post may be inserted to increase the
retention of restoration. Such metal component may affect
the clarity of images. Sometimes it causes a white streak
artifact and a blurring of the image, an effect that in-
fluences the detection of VRFs.32 However, one study
demonstrated results whereby the metal post did not affect
image quality.28 The major reason may be the fracture
width created in extracted teeth; however, this factor has
not been discussed in the literature.
Different methods were used for creating VRFs in
extracted human teeth and are summarized in Table 2. One
study used a disk (220 mm thickness) to create a VRF in the
root.28 The other study bonded two separate root frag-
ments with methyl methacrylate to simulate a VRF.24 Both
methods simulated a uniform and consistent width of
fracture. Compared with real VRFs in human teeth, how-
ever, these two methods produce wider fracture space.
Moreover, the direction of real VRFs is irregular and does
not extend in a straight line. Consequently, conventional PR
was reported to be more accurate than CBCT.4,32 Two
studies used a universal testing machine to create VRF.22,29
The diagnostic accuracy of VRFs using this method is closer
to that of the human studies.
Hannig et al41 demonstrated that VRFs or crack lines in
human teeth could be detected at a spatial resolution of
140 mm. Another study measured the fracture width using
micro-CT and showed that the width ranged from 20 mm to
200 mm in examined teeth (Fig. 1).42 According to the
Nyquist theorem, which is a principle that engineers follow
in the digitization of analog signals, the ability to diagnose
VRFs using CBCT depends on the spatial resolution and
voxel size. The sampling frequency must be higher than
twice the highest frequency contained in the signal. Sub-
sequently, a voxel size > 100 mm cannot easily visualize a
VRF when the spatial resolution is near 200 mm.
The currently used methods to create in vitro VRFs
exhibit disadvantages as described above. Ultimately, a
physical phantom is required to more accurately simulate
clinical VRFs and provide a standardmodel for studying VRFs.
Vertical root fracture and computed tomography 231A smaller FOV and a smaller voxel size are more suitable
for detecting VRFs using CBCT, and the performance of FPD
or CMOS detectors is superior to that of IIT/CCD detectors.
Iterative restoration can improve the image quality and
help in diagnosing VRFs. However, the existence of metal
post hampers the detection of VRF.
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